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Cited  below  are  the  results  of  an  altitude  com¬ 
parison  based  on  a  reading  of  a  radiosonde  pressure 
unit,  and  calculated  by  measuring  the  s3ant  range  with 
a  range-finding  attachment  to  a  "Malachite"  radio  the¬ 
odolite.  The  relationship  between  the  altitude  diver¬ 
gence  and  the  balloon  coordinates,  the  sheltered  loca¬ 
tion  of  the  horizontal  site  and  the  characteristics  of 
the  subjacent  media  has  been  established.  The  results 
of  special  base-line  observations  were  used  to  calcu¬ 
late  the  systematic  and  mean  square  errors  in  altitude, 
made  by  every  measuring  means,  using  P.  F.  Zaichikov* s 
triple  control  method. 


"Malachite"  radio  theodolites  with  a  range-finding  attach¬ 
ment  are  used  by  all  the  aerological  stations  of  the  Uzbek 
Hydrometeorological  Service,  Observations  involving  the  use  of  a 
"Malachite"  radio  theodolite  with  range-finding  attachments 
wero  begun  at  the  Aral  Sea  and  Tamdy  stations  in  April  196k, 
at  the  Termez  station  in  September  1964  and  at  the  Tashkent 
station  in  July  1965*  The  radio  theodolites  at  the  Aral  Sea  and 
Termez  stations  are  stationary,  their  antenna  systems  measuring 
10.9  and  7.6  meters  in  height,  respectively.  The  terrain  sur¬ 
rounding  the  radio  theodolites  at  the  mentioned  points  is  open. 
The  few  obstacles  in  the  path  of  the  radio-wave  propagation  are 
due  primarily  to  the  negative  angle  of  the  horizon  cover.  Phy¬ 
sical  secondary  reflectors  under  thp  66  to  170°  azimuth  produc¬ 
ing  a  horizon  angle  cover  up  to  0.6o  are  found  only  in  Termez. 

The  Aral  Sea  Aerolocical  Station  is  located  the  shore  of  a  bay  extending 
in  a  southeastern,  southern  and  southwestern  direction. 


Mobile  malachite-type  radio  theodolites  with  a  4.2  meter 
high  antenna  were  installed  at  the  Tandy  and  Tashkent  Aerolo¬ 
gical  Stations,  A  large  number  of  obstacles  in  the  way  of  radio¬ 
wave  propagation  was  noted  in  Tashkent  between  226  and  330°,  but 
in  the  other  directions  the  horizon  cover  i3  insignificant.  The 
slope  of  the  site  from  the  center  tc  the  periphery  in  the  area 
of  the  predominant  balloon  directions  is  1-2  meters  per  100  meters 
of  horizontal  distance.  The  "Ilalachite"  radio  theodolite  is  ar¬ 
ranged  at  the  highest  point  as  compared  to  the  adjacent  areas. 

At  the  Tamdy  station  the  largest  number  of  secondary  reflectors 
are  arranged  in  the  main  direction  of  the  balloon  movement  -- 
from  351  to  125°'  some  obstacles  are  encountered  also  in  the 
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191*230°  sector.  The  other  directionst  from  126  to  190°  and 
from  231  to  350°  are  open. 

The  operating  range  of  vertical  angles  at  the  stations 
under  consideration  was  limited  to  the  following  minimum  angles* 
at  the  Aral  Sea  station  14.00  in  all  directional  at  the  Terme* 
station  llto"  in  all  directions*  at  the  Tandy  station  14,5°  in 
directions  free  from  secondary  ref lec torsi  Tandy  station  16,0® 
in  the  sectors  with  a  large  horizon  covert  Tashkent  station 
10,0°  in  the  area  with  a  large  number  of  secondary  reflectors* 
Tashkent  station  17.0°  in  the  direction  of  the  predominant  bal¬ 
loon  movement*  Tashkent  station  16,0°  in  the  other  soctors  free 
from  secondary  reflectors. 

The  mentioned  magnitudes  of  the  minimum  vertical  angles  at 
all  stations  have  been  established  without  regard  to  the  season. 

The  altitudes  and  ilMr  compared  in  this  study  were 

calculated  by  the  slant  range  7and  the  reading  of  the  radiosonde 
pressure  unit  for  all  the  mentioned  stations.  The  results  of 
the  following  observations  were  used  in  this  comparison:  at  the 
Tandy  station  for  Soptembor-October  1964,  Tashkent  station  for 
August-Septoraber  1965,  Aral  Sea  station  August-Soptember  1966, 
and  at  the  Ternes  station  for  August-October  1966.  A  total  of 
208  ascents  from  the  four  stations,  each  lasting  an  average  of 
68  minutes,  were  used  for  the  mentioned  comparison.  The  plot¬ 
ting  of  an  altitude  graph  to  determine  II %Jt  and  the  introduc¬ 
tion  of  altitude  corrections  for  the  earth  curvature  and  radio 
wave  refraction  were  made  in  accordance  with  (Ref.  5). 

A  comparative  data  processing  produced  the  following  al¬ 
titude  differences  A -I  *  HeX  *  .  An  analysis  of  the  signs 

of  these  differences  shows  that  II was  predominant  over  II^Vj 
in  the  first  minutes  of  observation.  In  the  middle  of  the  ob¬ 
servation  (12  -  40  minutes)  the  recurrence  of  the  sign  differ¬ 
ences  was  approximately  the  same,  arid  in  the  end  the  recurrence 
of  IT <  Il^i  cases  was  twice  as  frequent  as  the  I 
casos.  At  the  Tamdy  station  H/m£<JI/»£  is  more  frequent  in  ' 
the  first  40  minutes,  but  no  sharp  differences  in  the  recurrence 
of  various  AH  signs  are  noted  at  that  station.  At  the  Termez 
station  II 'W/t  $  cases  are  predominant  up  to  40  minutes, 
but  after  4o  minutes  the  recurrence  percentage  of  such  differ¬ 
ences  is  somewhat  reduced  but  still  remains  predominant. 

The  difference  in  altitudes  alone  is  not  enough  to  estim¬ 
ate  the  divergence  between  I-I and  II nft,  ,  A  clearer  char¬ 
acteristic  of  the  altitude  convergence  is  provi*?d  by  the  fol¬ 
lowing  magnitude  1  =  w  100, o.  The  percent  ratio  of 

II*/* 

the  altitude  differences  AH  was  calculated  from  II  l 

ftp 


because  of  the  lesser  possibility  of  accidental  errors  in  the 
calculation  of  as  compared  to  . 


*  Table  1 

The  Relation  Between  the  Average  /z/  Ilagni- 
tudes  and  the  Duration  of  the  Observations 


The  absolute  magnitude  /z/,  as  determined  by  the  duration 
of  the  observation,  is  shown  in  Table  1. 


The  large  number  of  significant  altitude  differences  3eon 
in  the  first  minutes  of  observation  can  be  explained  not  only 
by  errors  in  measuring  the  slant  range  but  also  by  the  small 
magnitude  II  ,.s  from  which  the  percentage  content  of  jCi  II  was 
calculated.  In  the  following  minutes  of  observation  the  /z/ 
magnitude  is  reduced  on  an  average  to  5  percent.  At  the  Aral 
Sea  and  T&mdy  stations  the  smallest  /z/  magnitude  (3  *  5%) 
is  observed  between  12  and  40  minutes,  but  it  is  somewhat  in¬ 
creased  later  on  At  Tashkent  and  especially  Termez  the 

average  /z/  magnitudes,  noted  between  12  and  20-30  minutes, 
amounts  to  6  -  7  i,  and  are  then  reduced  to  5  •  3^. 

The  percentage  recurrence  of  various  /z/  magnitudes  for 
various  vertical  angles  and  slant  ranges  has  been  calculated 
in  order  to  estimate  the  relationship  between  /z /  and  the 
changing  balloon  coordinates.  Cited  in  tables  2  and  3  is  the 
relation  between  the  percentage  recurrence  of  the  /z/  grada¬ 
tions  (0  -  5,  6  -  10,  11  -  20,  21  -  30,  and  31  -  40^)  and  the 
vertical  angle  gradations  from  0  to  90°  in  5°  intervals  and  a 
slant  range  from  0  to  120  kilometers  in  10  kilometer  intervals. 


The  total  number  of  comparisons  n  from  which  the  percent¬ 
age  recurrence  of  / z/  with  various  vertical  angles  and  slant 
ranges  was  calculated,  13  cited  in  the  last  column  of  tables 
2  and  3» 
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Recurrence  of  various  /z/  ,-radations  in  relation 

tc  a  slant  range  Table  3» 


grada-  . »  — - — - - - ■ 

Station  tion  _ slant  range  ,  Van 
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An  analysis  of  the  recurrence  of  various  /z/  gradations 
in  relation  to  the  vertical  angle  reveals  the  predominance  of 
/z/  4*  5  at  the  stations}  for  25  4*  55°  angles  at  the  Aral  Sea, 
20-5-35°  and  45-5-55°  at  Tamdy,  35 -f *45°  at  Tashkent,  and 
15  30°  at  Termez.  There  is  a  noticeable  increase  in  the  re» 

currence  of  /z/>10  for  vertical  angles  larger  than  55°  at  all 
stations,  and  less  than  20°  at  the  Aral  Sda  and  Tandy  stations 
and  over  45°  at  the  Tashkent  and  Termez  stations* 


A  comparison  of  the  data  obtained  at  the  various  stations 
has  established  that  the  greatest  recurrence  of  /z/^,5  is  char¬ 
acteristic  of  10  -  250  angles  at  tho  Tamdy  and  Termez  stations, 
and  /**"/  **  Aral  Sea  station*  The  lowest  recurrence 

of  /z/<r  5  is  in  Tashkent,  The  highost  recurrence  of  the 
5</z/*10  interval  with  10  -  25°  angles  is  noted  at  the  Thmdy 
and  Aral  Sea  stations,  and  with  25  -  70°  angles  at  Termez, 
/z/>10  most  frequently  occurs  at  tho  Aral  Sea  and  Tamdy  sta¬ 
tions  at  10  -  250  angles.  There  is  a  marked  predominance  of 
such  differences  at  angles  exceeding  250  at  Tashkent  and  Termez, 
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Thus  the  greatest  convergence  of  and  Hs^r  is  noted 

at  small  vertical  angles:  10  -  250  at  the  Termez  station  and 
25  -  550  at  the  Aral  Sea  and  Ifcmdy  stations.  The  poorest  con* 
vergence  of  the  readings  along  the  entire  range  of  vertical 
angles  was  noted  in  Tashkent. 

High  /z/  values  were  frequently  revealed  for  D^.10  15 

slant  ranges  at  the  Tandy  and  Tashkent  stations  and  for 
D^20  •J-  25  at  the  Termez  station  in  the  beginning  of  the  observ- 
ation  (Table  3).  The  predominance  of  the  lowest  /a/  values  is 
characteristic  of  Tashkent  at  15^.D^.60t  Tenner  at  25<.D^65» 
Tadmy  at  15<D^5  and  Aral  Sea  station  at  0<D<25.  The  re¬ 
currence  of  the  other  /z/  gradations  is  inversely  proportional 
to  their  magnitudes  at  the  Aral  Sea.  Tashkent  and  Termez  sta¬ 
tions*  and  at  the  Aral  Sea  station  / z/  =  6  -r  10  is  predominant 
at  25<D455«  In  the  case  of  slant  ranges  larger  than  those 
shown  above*  the  recurrence  of  larger  /z/  values  increased  at 
the  Aral  Sea  and  Tamdy  stations*  and  at  Tashkent  and  Termez  the 
magnitudes  of  such  recurrences  were  smaller  and  there  were  no 
sharp  differences  between  them.  A  comparison  of  the  data  apply¬ 
ing  to  different  stations  revealed  the  highest  recurrence  of 
small  /z/  for  D^20  -**  25  at  the  Aral  Sea  and  Tamdy  stations* 
and  for  D>25  at  Termez:  /z/>5  was  most  frequently  noted  at 
D<20*#«25  4t  Tashkent  and  Termez*  and  at  D>25  at  the  Aral  sea 
and  Tandy  stations.  Consequently*  the  greatest  convergence  of 
H  and  Hyfr<»Wnen  the  balloon  moved  a  short  distance  away 
(under  25  kilometer)  at  the  Aral  Sea  and  Tamdy  stations*  and  at 
D>25  at  Termez.  In  the  majority  of  the  D^O  cases  in  Tash¬ 
kent  the  recurrence  of  low  /z/  magnitudes  was  less  frequent 
than  at  all  the  other  stations. 

The  relation  between  the  magnitude  and  recurrence  of  z 
and  the  combination  of  vertical  angle  and  slant  range  grada¬ 
tions  can  be  traced  by  the  figuresbf  Table  4.  Chat  table  shows 
the  z  magnitude  for  five  slant  range-  and  vertical  angle  grada- 
tic  >s. 


Slant  range  gradations:  0  -  10,  10  -  20,  20  -  40,  40  •  7 0, 
^70  km:  vertical  angle  gradations:  90  70,  70-#-  50,  50-f-  30°, 

30°  -  minimum  angle*  minimum  angle  -  0°, 

The  number  of  parallel6 altitude  readings  at  each  station 
for  any  gradation  of  the  vertical  angle  and  slant  range  is 
cited  in  Table  4,  A  reduction  in  the  number  of  parallel  read¬ 
ings  is  characteristic  of  the  largest  and  smallest  vertical 
angles  and  the  large  (D>70)  slant  ranges.  The  table  also  in¬ 
cludes  information  on  the  percentage  content  of 

z<0  )  cases  in  the  total  number  of  parallel  alti¬ 

tude  readings. 


-6- 


o  <r 

u 

a 

c  <h 

a  x> 

•h  vi 

u  H 

<a 


vo  vc  so  cc  o  r» 

III  <h  l  l  i  I  I  I  <— t 


O  st  sO  r-4  CO  SO  -3  in  vO  UA  N  iA  A  IT 

I  H  r-H  III  I  I 


00  PA  UA  m  M  lA  3  M  i/lsfi  3  (O  A  A  <f 

I  II  II  pH 


PA  CN  CA  PA  m  in  -3  CN  ifl  3  Oi>}  in  pH  sC  CO 

||  |  rt  N  H  rt  I 


PA  sO  sC  -3  O'  vO  m  PA  OHO^CO  >t  AH  o 

I  |  HrtHHsf  HNrtH  I 


O  <3  CO 

4J  01 
NO® 

u  <a 

VM  u 

O  MH 

O  ’4-1 

m  o 


/-N 

J  s 

w  A 
»  O 

s  7 
**  © 

u  ■* 

a)  -3 
-i  I 

(0  o 

IH  ■“ 

O  o 

CN 

«  I 

S  o 


os  CN  O  VO 

II  I  00  H  I  I  I  CC  I 


O  A  H  C  I-ICO  O  A  lAO\ 

I  lA  S'  O'  I  I  I  ■}  lA  |  O  00  Os  A 


3  MO  M  O'  00  O'  (A  in  sO  -3  00  c 

I  in  0C  O'  |  |  I  IN  PI  |  |  30  os  00  I  rIMN  C 


O  O  -3  OS  00  m  P-  O  N  so 

H  n  (A  N  (A  I  101-3  I  I  O  Os  O'  © 


Nino 

pH  pa 


0-10 

0  00  H3 

H  N  N  1 

pH 

vO  H  aJ 

co  *<r  <r 

1 

97 

99 

96 

100 

100 

rH 

o 

m  co 

CM  CM  | 

o 

00  so 

o 

sO 

CO  rH 

II  1  pH  CN 

1 

i 

1  pH 

Nf 

|  | 

1  iH  lA 

| 

i 

I  m 

A 

“  " 

pH 

m  pa  cn  n- 

A' 

H? 

Ol 

n  coo 

TT 

os  os  r*- 

p- 

os  p-  cn 

00 

rH 

p-  cc  in 

OS  UA  pH 

l 

1  pH 

1 

i 

1 

PH 

1 

pH  rH 

1 

-3 

y—J 

-3 

O  " 

pH  PA  CN  PA 

04  O 

P- 

sO  pH  OS 

CO 

O  so  SO  pH 

*3 

UA  3  35  pH 

co 

PA 

pH  PA  P- 

«n  cn  oo 

X 

1  pH  rH 

1 

i 

rH 

1  1 

pH  CN 

rH  CM  | 

Clin  N  rl  00 

04  CN  00  CM 
pH  PA  CN 


rl  -3  CM 

I  I  p~  p» 


vo  o  m  m 
fA  3  N  H 


*n  3  a  o 

m  so  in 


I 

m 

hum 

«o  c 

O  0  *—s 

■H  11140 

•U  i-l  U 

V*  60  C# 


3  C  S  N 

m  pa  oo  i 

iH  rsi 


>s 

o  o  o  • 

MniA  SO 

i  i  i 

s  r-in  pa  >s 


O  Os  VO  CN 

pa  o  so  in 


coo* 
MniA  B  o 
I  I  I  I  I 
o  o  o  o  • 
s  rs  in  pa  >> 


O  OS  00  -3  IN 
A-  O  m  3 
CN  .-I 


o  o  o  • 

MAPA  SO 
I  I  I  I  I 
o  o  o  o  • 

S  MA  PA  >, 


CN  PA  PA 

a  in  m  h  i 


>s 

o  o  o  • 
ma  n  g  o 

I  I  I  I  I 

o  c  o  o  • 

s  r-  m  pa  >> 


4-1 

c 

0) 

N 

-ill 

cu 

-C 

B 

CO 

c 

CO 

<u 

H 

H 

minimum  angle 


Cases  of  Iiy£  £  are  predominant  in  Tashkent*  In  Ter** 

mo z  below  the  D  =  40  in  the  working  range  of  vertical  angles 
the  number  of  z,  <  0  cases  does  not  exceed  3Q',j  of  the  total  number 
of  readings,  With  D>40,  z<0  is  found  in  40^  of  the  oases  at 
tills  station,  and  with  small  vertical  angles  in  70  •  100, w  of 
the  cases.  At  the  Aral  Sea  and  Tandy  stations  the  recurrence  of 
z<  0  cases  also  increases  ith  large  slant  ranges  and  small  ver- 
tical  angles.  In  the  othe**  cases,  various  signs  of  z  are  equl- 
probable. 


The  average  magnitude  of  /z/  is  also  shown  in  Table  4,  A 
rising  /z/  value  was  noted  at  the  beginning  of  the  observation 
at  all  stations.  The  lowest  mean  values  of  /*/  were  found  at 
the  Aral  Sea  and  Tandy  stations  with  10<!l}{40  for  any  vertical 
angle,  and  at  Tashkent  and  Tertaez  with  20^.D<.70,  while  at 
Tashkent  fzj  increased  in  the  area  of  small  vertical  angles, and 
at  Terraez  in  the  area  of  large  angles,  especially  with 
b  -  70  -f-  90°. 


The  figures  shown  in  Table  4  characterize  the  altitude  di¬ 
vergence  in  the  direction  of  the  predominant  balloon  movement 
as  the  majority  of  parallel  altitude  readings  apply  to  this 
sector  of  observations.  To  characterize  the  relations  between 
/z/  and  the  conditions  of  the  surrounding  terrain,  /z/  magni¬ 
tudes  were  selected  for  the  areas  not  included  in  the  sector  of 
the  predominant  wind  direction:  at  Tashkent  and  Tandy  it  applied 
to  a  section  free  from  secondary  reflectors,  and  at  the  Aral  Sea 
station  to  sea  and  land  (Table  5). 


A  comparison  of  the  figures  cited  in  Tables  4  and  5  shows 
that  at  the  Aral  Sea  station  the  average  / z/  magnitude  above  the 
sea  is  considerably  smaller  than  above  the  land.  It  does  not 
exceed  4  -  5','i  of  the  radiosonde  altitude  in  all  the  slant  range 
and  vertical  angle  gradations.  In  the  section  above  the  land 
opposite  to  the  prevailing  direction'  of  the  winds  the  figures  in 
Table  5  are  similar  to  those  shown  in  Table  4:  they  increase 
only  at  small  vertical  angles  and  fc  *  50  4"70°  angles  at  dis¬ 
tances  over  20  kilometers. 

The  average  /z/  magnitude  for  an  open  section  in  Tandy  is 
somewhat  smaller  than  in  Table  4.  An  increasing  /z/  magnitude 
was  noted  only  in  cases  of  small  (D<10)  and  large  (D>70) 
slant  ranges  for  vertical  angles  of  30+16°.  In  tho  area  with 
a  larco  number  of  secondary  reflectors  similarly  located  in  the 
opposite  direction  of  the  prevailing  winds,  all  the  average 
I"1  magnitudes  are  larger  than  the  appropriate  values  shown  in 
Table  4. 
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There  is  no  narked  difference  between  the  figures  of 
Table  4  and  5  for  Tashkent.  This  obviously  depends  on  the 
similarity  of  the  conditions  in  the  prevailing  directions  of 
the  wind  and  the  free  additional  sector*  tilth  snail  angles 
at  D>10,  the  figures  in  Table  4  are  larger  than  the  analogi¬ 
cal  values  in  Table  5#  The  average  /»f  magnitudes  for  the 
sector  in  Tashkent  with  a  large  horison  ooyer  ere  not  given  be¬ 
cause  of  the  insignificant  mater  of  cooperative  readings. 

It  appears  from  the  results  of  the  above-shown  altitude 
comparisons  that  in  the  majority  of  bases  the  figures  for  tfan 
Aral  Sea  and  Tamdy  stations  (with  sandy  sbU)t  and  Tashkent  and 
Tense  (with  clay  soil)  are  similar  in  pairs*  Has  altitude 
divergence  apparently  depends  to  a  large .extent  on  the  char¬ 
acteristic  features  of  the  subjacent  madia  and  their  electrical 
properties  (for  example,  electric  conductivity)  as  compared  to 
to  the  effect  of  secondary  reflectors  and  the  height  of  the. 
antenna  above  the  ground  surface*  Ve  knew  from  the  theory  of 
radio-wave  propagation  in  stratified  media  (1)  that  the  field 
strength  of  the  areas  with  a  good  electric  conductivity  (the 
sea  and  clay  soil)  is  higher  than  the  media  with  a  poor  conduc¬ 
tivity  (land,  sandy  soil,  limestones!*  There  is  a  better  con¬ 
vergence  of  the  Ifrut  and  Efep  altitudes  above  the  media  char¬ 
acterized  by  a  higher  field  strength,  especially  at  the  end  of 
the  observation  when  the  power  of  the  incoming  signal  grows 
weaker  because  of  the  great  distance  from  the-  balloon* 

■  i  ‘  -  •  .  I  -  : 

The  specialist  engaged  in  the  numerical  methods  of  fore¬ 
casting  might  be  Interested  in  the  accuracy  of  determining  the 
altitude  of  the  major  isobar ifi  .  eurfabts* .  The  altitude  of  the 
isobaric  surfaces  was  ealoulatsd  on  the  basis  of  the  radar 
measured  altitude  in  aooordance  with  (10)  for  the  purpose  of 
comparing  the  altitudes  at  the  mentioned  levels.  A  comparison 
of  the  llm/£  and  altitudes  on  the  isobaric  levels  shows 

that  at  the  Aral  Sea,  Tandy  and  Termes  stations  /z/  does  not 
excoed  1  -  2,S  beyond  700  •  600  millibars,  and  at  Tashkent  it 
does  not  exceed  3£  beyond  600  millibars  and  2;>  beyond  300  -  400 
millibars. 

A  comparison  of  the  signs  of  the  difference  revealed  a 
predominance  of  lU/»  over  ll»/£  at  the  Aral  Sea  and  Tashkent 
stations  in  100^  of  the  cases,  at  Tandy  in  90^  and  at  Termes 
in  79',*  of  the  cases. 

It  would  thus  be  wrong  to  extend  the  divergence  of  the 
II and  \\*k  altitudes  during  the  specific  readings  to  the 
altitude  difference  of  the  main  isobaric  surfaces  found  by  the 
two  mentioned  processing  methods.  The  divergencies  between  the 
altitudes  of  the  main  isobaric  surfaces  are  less  than  at  cer¬ 
tain  moments  of  time  because  of  the  averaging-out  method  used 
in  the  processing. 
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To  AalcuUte  the  errors  persdseibU  in  tb*  determination 
of  «*>  H and  HWi  altitude «,  the  Utter  *  re  congjered  to 
the  Ha.  altitudes  found  by  the  simultaneous  bi^e-lino  pilot 
taUe*  observations  at  the  Aral  Ssa,  lbsbkent  and  Terms* 
stations. 

L  '  The  base-line  observations  were  made  and  processed  accord* 

ing  to  the  requirements  in  (8).  The  length  of  the  base  line 
at  the  Aral  Sea  station  was  1050  Meters,  At  Tashkent  490  and 
3&50  otters,  and  at  Tenses  480  meters. 

..  A  total  of  27  base*line  observations  of  the  radiosondes 
and  10  observations  of  the  radio  pilots,  each  lasting  an  aver* 
age  of  21*22  minutes,  were  carried  but  at  the  three  stations. 

The  total  matter  of  parallel  readings  resulting  from  the  radio- 
sonde  observations  was  336,  and  radio  pilot  observations  143. 

The  simultaneous  measurements  of  E^jf  and  were  taken 

from  the  altitude-time  ratio  graphs.  The  altitude  defined 
toy  the  analytical  method  was  .not  averaged  out  but  included  in 
c  the  treatment  in  the  form  it  had  been  found  during  the  cal* 
euUtiens  made  for  certain  minutes  of  observations.  Con* 
sequently,  it  was  not  the  averaged  value  of  the  14  altitude 
that  was  used  for  comparison  purposes  but  tbs  actual  value  re* 
fleeting  the  vertical  currents  which  are  considerable  in  the 
atmospheric  Uyer  under  consideration. 

\ljaf,  following  differences  were  calculated  for  every  three  * 
parallel  readings  of  the  altitude: 

Ht  - 

Hfts  -  H+. 

there  Btj,  is  the  altitude  calcuUted  by  the  results  of  the 
base-line  pilot  balloon  observations.  An  analysis  of  the 
signs  of  the  resulting  differences  reveals  that  Hg«C  11^ 
in  4*5  •  895S  of  the  cases  at  all  stations.  H$<£II>ye  at  the 
Aral  Sea  station  in  most  cases  throughout  the  observation  (an 
average  of  8o£).  A  different  picture  was  observable  at  the 
Tashkent  and  Terms*  stations:  H$>  H *4  in  about  53  '*  6l>  of 

the  oases.  at  the  Aral  Sea,  Tashkent  and  Terms* 

stations  in  69,  88  and  955J  of  the  cases,  respectively. 

In  the  ease  of  the  base-line  observations  of  the  trans¬ 
ponder,  II*/*  exceeded  11$  in  most  of  the  cases  (85^) ,  a  re¬ 
verse  altitude  correlation  was  noted  in  14^  of  the  cases,  and 

=  H$  in  IT*  of  the  cases. 

The  triple  control  method  proposed  by  P.  F.  Zaichikov 
(2,  3)  was  used  for  calculating  the  systematic  and  random 
errors  in  the  determination  of  the  altitude  by  various  methods. 
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Every  minute  of  observation  was  processed  by  the  triple 
•control  method.  Magnitudes  of  the  simultaneous  altitude  ernes* 
ursraents  were  selected  by  the  mentioned  three  methods  for  each 
bf  the  three  stations  as  well  as  for  all  the  stations  together . 
{ Table  6)«  The  observation  data  for  the  Tonnes  station  are 
conditional  because  of  the  small  number  of  eases* 

The  systematic  error  in  each  measuring  method  was  deter* 
mined  on  the  basis  of  the  recommendations  in  (3)  by  the  use  of 
arithmetic  mean  differences.  Assuming  that  the  systematic 
arr«r  of  oho  of  the  measuring  methods  equals  sero,  it  is  pose* 
ible  to  find  the  systematic  errors  of  the  other  two  AH  methe 
ods*  In  the  case  under  consideration  it  would  be  more  natural 
to  assuiie  the  absence  of  a  systematic  error  in  the  base *line 
r^thod  of  altitude  meaeurement*  To  determine  the  systematic 
error  i3f  measuring  H and  Ityk  ,  such  an  error  in  base*line 
observations  was  as  stoned  to  be  .  the  nonexistent  AH|  *  0, 

The  random  error  for  eaeh  method  of  measurement  was  oal* 
culated  according  to  <3)  by  the  following  formula 


where  W  is  the  number  of  methods  of  simultaneous  measurements, 
dt  the  dispersion  magnitude  (the  square  of  the  average  quad¬ 
ratic  error)  of  each  of  the  N  methods  of  simultaneous  measure¬ 
ments,^  J  the  mean  quadratic  difference  of  the  simultaneous 
altitude  measurements  by  two  methods. 


The  reliability  of  the  determination  of  errors,  depending 
on  the  accuracy  of  calculating  the  mean  quadratic  error  (2,  3), 
was  calculated  in  addition  to  the  systematic  A  H  and  the  mean 
quadratic  with  tf  of  errors. 
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The  average  A  E,  the  mean  quadratic  errors  €  in  determining 
the  altitude,  and  the  reliability  of  determining  the  errors 

by  the  three  measuring  methods  are  cited  in  Table  6.  The  system* 
a  tic  error  in  defining  II*/*  at  all  stations  is  markedly  greater 
than  the  similar  error  in  measuring  Ilwf  ,  In  the  case  of  II 
and  H^jr  the  systematic  error  increases  with  time,  while  the/ 
increase  of  AIIvA  begins  in  the  first  minutes  of  observation, 
and  AH reveals  a  marked  increase  after  10  minutes*  The 
systematic  AH*/jp  errors  were  negative  throughout  the  observe* 
tions,  and  approximately  similar  in  magnitude  at  all  the  three 
stations.  A  H^f  is  preceded  primarily  by  a  positive  sign  in 
Tashkent  and  Termes,  and  by  a  negative  sign  at  the  Aral  Sea 
station. 
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Kean  and  seen  quadratic  errors  (a)  In  determining 
the  altitude  measurements  (r/1)  according  to  the  base-line 
pilot  balloon,  radio  sounding  (r/s)  and  radar  data 

Table  6. 


■ 

Method 

of 

Measurement 

Min. 

_ 

■in. 

angle] 

1 

2 

_ l _ 1 

AH 

n 

AAH 

AH 

m 

AAH 

AH 

w 

A  AH 

Aral  Sea 

6a3 

0 

67 

+57 

0 

26 

±29 

0 

64 

±48 

p/  3 

-12 

17 

±41 

*44 

51 

±34 

-71 

49 

±45 

- 

p//r 

-7 

20 

±45 

-23 

30 

±29 

-48 

76 

Tashkent 

6a3 

22 

±19 

0 

33 

±28 

0 

0 

±33 

p/  3 

-25 

0 

+  16 

-22 

39 

±29 

-62 

56 

±38 

p//r 

-11 

41 

±22 

0 

54 

±33 

-  8 

100 

±45 

Termer 

6*3 

0 

±95 

0 

78 

+94 

0 

87 

±119 

p/ 3 

65 

10J 

±114 

-30 

±62 

-77 

0 

P  la 

12 

142 

±128 

90 

96 

±102 

11 

140 

±142 

General 

683 

n 

51 

±29 

0 

39 

±22 

0 

48 

±28 

p/  3 

H 

52 

±29 

-32 

36 

±22 

-67 

35 

±26 

- 

pk 

B 

67 

±31 

6 

70 

±26 

-7 

104 

±33 

Station 

Measuring 

Method 

9 

10 

12 

'  AH 

0 

AAH 

AH 

0 

AAH 

AH 

a 

AAH 

Aral  Sea 

EH 

i| 

110 

±62 

0 

84 

±60 

0 

±75 

0 

±44 

-215 

54 

±53 

-203 

±81 

pin 

BPi 

58 

±50 

-102 

44 

+51 

-98 

108 

±85 

Tashkent 

6a  3 

0 

126 

±95 

0 

184 

±82 

0 

182 

±105 

p/3 

-174 

0 

±81 

-190 

169 

±79 

-187 

82 

±68 

P/' 

52 

214 

+113 

23 

238 

±95 

81 

126 

±94 

Termez 

6a  3 

0 

87 

±96 

0 

68 

±87 

0 

147 

±168 

p/3 

-170 

0 

±67 

-247 

66 

±86 

-220 

121 

±158 

P  h 

60 

74 

±91 

-30 

122 

±79 

63 

0 

±131 

General 

6a  1 

0 

121 

±52 

0 

109 

±51 

0 

132 

+60 

n/Q 

-183 

0 

±42 

-206 

64 

±48 

-198 

92 

±56 

r*  <3 

Pin 

-16 

168 

±59 

-22 

154 

±57 

18 

135 

±61 

As  was  to  be  expected,  a  review  of  thfc  mean  quadratic 
magnitudes  of  the  random  altitude  deviations  from  the  mean  value 
reveals  that  exceeds  4*4  in  most  cases.  tfj,'is  a  ^ 
fairly  large  magnitude  but  it  does  not  basically  exceed  • 

This  fact  is  not  subject  to  any  doubt  in  view  of  the  character* 
istic  method  of  defining  Hg  used  for  each  minute  without  aver* 
aging  them  out.  An  analysis  of  the  magnitudes  characterising 
the  reliability  of  the  average  or  mean  quadra t^.c  differences 
shows  that  the  maximum  error  of  an  average  AAh  at  all  the  sta* 
tions  is  approximately  the  same  at  certain  moments  of  time  for 
all  the  three  meaeuring  methods.  The &AH  values  increase  toward 
the  end  of  the  observation,  and  in  most  cases  A.tVHktfT  andAAH^AH 
for  each  method  of  measurement. 

In  view  of  the  above,  it  may  be  concluded  that  the  radar 
method  of  altitude  determination  produces  a  smaller  systematic 
error  than  H**  .  The  considerable  magnitudes  of  the  random 
errors  in  determining  IW/s  are  due  to  the  method  of  radio* 
wind  observations  whereby  the  accuracy  of  the  readings  of  the 
slant  range  and  the  angle  coordinates  depends  in  large  measure 
on  subjective  factors*  the  simultaneousness  of  the  readings, 
the  experience  of  the  observer  and  the  extent  of  his  concentre* 
tion. 


In  conclusion,  a  simultaneous  processing  of  two  radio* 
wind  observations  of  the  radiosonde  was  carried  out  '.y  three 
methods*. 

1)  the  processing  of  A  *  30  =  D  on  a  drawing  .able  based 
on  the  slant  range  and  the  interpolation  for  standard  altitudes 
of  wind  velocity  and  direction  for  the  11^  altitudes 

2)  the  processing  of  A  =  3®  =  D.  on  a  drawing  board  based 
on  the  slant  range  and  interpolation  for  the  H nff  altitude ? 

3)  the  processing  based  on  a  conditional  vertical  speed 
and  interpolation  for  the  !$*£  altitude. 

The  following  differences  were  calculated  in  the  comparison 
of  the  three  above *indica ted  processing  methods; 

A ^,s  Vr  V*  -  <tx 

AVi.sV.-Ki :  d,-  dy 

AVjsrVj-V,  L<1~4  2-</t 

where  Vj  and  are  the  speed  and  direction  of  the  wind  defined 
by  the  first  processing  method,  and  V2  and  d2,  V-  and  d~  are  the 
same  magnitude  found  by  the  second  and  third  methods  respectively. 
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The  average  divergencies  of  the  wind  velocity  between  the 
data  computed  by  various  methods  are  small  for  all  the  alti- 
tudes,  and  do  not  exceed  2  m/sec.  for  and^iV^*  The 

maximum  differences  are:  AVi  =  5  m/seCj^V^  v  =  3*4-5  m/sec* 

andAV3n£lx  =  4-4 -6  m/sec. 

The  divergencies  between  the  wind  directions  computed  by 
the  first  and  second,  second  and  third  methods  are  of  consider*' 
able  magnitude t A dj  =  374-62°:  A  do  =  404-62°,  These  diver¬ 
gencies  are  not  large  for  the  direction  values  determined  by 
the  first  and  third  methods  where  the  interpolation  is  fulfilled 
for  \ht/t  ,  A  do  =  6-4-7°. 

The  changes  of  the  maximum  differences  in  the  wind  direct* 

io"Adlnax  =  934-205°,  Ad2nax  =  23-7-3o°,Ad3jnQX  -  904-138° 

are  similar  to  those  of  the  average  differences. 

Thus  the  large  II94  and  11/)^  altitude  divergencies  ac¬ 
count  for  the  considerable  ^d  magnitudes,  and  in  this  connection 
it  is  recommended  that  the  interpolation  of  the  windage  for  stand¬ 
ard  altitudes  during  the  processing  of  the  wind  data  be  carried 
out  between  the  altitudes  of  the  middle  parts  of  the  layers  de¬ 
termined  by  II  ^  . 


Conclusions 

1.  A  comparison  of  the  II nfl  and  Ha/s-  altitudes  reveals 

that  n^<,  Ha^s  in  most  cases  in  Tashkent,  and  II a/s  in 

Termez:  at  the  Aral  Sea  and  Tandy  stations  different  signs  of 
the  altitude  differences  are  equiprobable. 

2.  At  the  Aral  Sea  and  Tandy  stations  the  /z/  magnitude 
did  not  exceed  in  the  middle  of  the  observation  (under  40  min¬ 
utes),  and  increased  to  5  -  7 >  by  the  end  of  it.  In  Tashkent 
and  Termez  /z/  amounted  to  6  -  7'  for  20  -  30  minutes,  and 
then  dropped  to  5  -  3'1>. 

3.  The  difference  between  the  Wn.fi  and  TI *ft  altitudes 
depends  on  the  balloon  coordinates  (S  »  D),  and  increases  in  the 
direction  of  the  smallest  and  largest  vertical  angles  and  large 
slant  ranges. 

4.  The  altitude  convergence  above  the  sea  is  better  than 
above  land,  which  is  explained  by  the  greater  field  strength 
above  a  water  surface. 
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5*  The  divergence  between  the  'sltjfi  and  \\n>k  altitudes 
depends  on  the  characteristic  features  of  the  subjacent  media 
and  their  electrical  properties.  Similar  data  on  the  chancing 
altitudes  were  noted  at  the  Aral  Sea  and  Tarady  stations  (with 
sandy  soil)  and  Tashkent  and  Termez  (with  clay  30il). 

6.  The  altitude  divergence  is  greater  in  the  observation 
sectors  with  a  large  number  of  secondary  reflectors. 

7.  The  systematic  spaced  II  n/f  error  always  exceeds £11*^ . 

The  sign  of  s\  TI^Ar  is  always  negative.  In  Tashkent  and 
Terraez  the  sign  of  A  i s  mostly  positive,  and  at  the 

Aral  Sea  station  negative,  ' 

0.  The  mean  quadratic  errors  made  in  the  altitude  iaeas» 
urements  are  smallest  for  and  largest  for  • 

9.  At  fixed  moments  of  observation  the  reliability  of  de- 
termining  the  errors  at  all  stations  is  approximately  the  same 
for  the  various  observation  methods. 


10.  The  tendency  of  every  type  of  error  is  to  increase  with 
time. 

11.  Uhen  processing  the  windage  data  for  a  slant  range  it 

is  advisable  to  interpolate  the  wind  only  between  the 
altitudes.  ' 
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